Equilibrium Ion Binding Properties of Potassium-Selective and Non-Selective Cation Channels  by Lockless, Steve & Liu, Shian
544a Tuesday, February 18, 2014The C-terminus of Slack interacts with the mRNA-binding protein FMRP
(Fragile X Mental Retardation protein). Using yeast-two hybrid and co-
immunopurification experiments we have established the Slack binds Phactr1,
a Protein Phosphatase 1 targeting protein. This interaction likely regulates the
modulation of Slack by protein kinase C (PKC), which increases current
amplitude and slows the rate of activation rate by phosphorylation of a
specific serine (S407) in the Slack cytoplasmic C-terminus. Using resonance
wavelength grating optical biosensors, we have determined that phos-
phorylation of Slack at S407 by PKC produces a sustained decrease in
mass near the plasma membrane. The decrease in mass requires the very
C-terminal domain of Slack, previously shown to be required for Slack/
FMRP interactions. To determine whether the decrease in mass results from
the translocation of either FMRP or Phactr1 from the channel upon activa-
tion, RNAi was used to suppress expression of FMRP, Phactr1 and other
potential partners. The presence of Phactr1, but not FMRP, was found selec-
tively to be required to observe a decrease in mass. Gain-of-function human
mutations in Slack channels that mimic constitutive phosphorylation at S407
cause malignant migrating partial seizures of infancy (MMPSI), an epileptic
encephalopathy of infancy that combines seizures with severe developmental
delay. Activation of PKC does not produce a change of mass in these mutant
channels, suggesting that Phactr1 fails to associate/dissociate. Our results
suggest that activation of Slack alters its interaction with Phactr1, which
may influence the phosphorylation state of Slack, but also of associated pro-
teins such as FMRP, providing a link between channel activation and down-
stream signaling pathway that regulate normal neuronal development and
intellectual ability.
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Macrophages may tune the immune response toward inflammation or toler-
ance. The proliferation, activation, and resolution or tolerance of immune
cells is mainly modulated by membrane transduction of extracellular signals.
Some of these interactions involve changes in transmembrane ion fluxes
that, in turn, modulate the network of intracellular signaling. Potassium
channels modulate macrophage physiology. Blockade of voltage dependent
potassium channels (Kv) by specific antagonists decreases macrophage cyto-
kine production and inhibits proliferation. Therefore, Kv channels have
been proposed as anti-inflammatory targets. We studied the effects of 15-
epi-lipoxin (e-LXA4), an endogenous eicosanoid released in the presence
of aspirin on early signaling and on voltage-dependent potassium (Kv:
Kv1.3, Kv1.5) and inward rectifier potassium channels (Kir) in mice bone
marrow-derived macrophages (BMDM) and in cultured HEK293 cells.
Electrophysiological experiments recordings were performed by the whole-
cell patch-clamp technique. Treatment of BMDM with e-LXA4 inhibited
LPS-dependent activation of NF-kB and IKKb activity and protected against
LPS activation-dependent apoptosis. Acute treatment of LPS-stimulated
BMDM with e-LXA4 resulted in a decrease of Kv currents, compatible
with attenuation of the inflammatory response. More importantly, long-term
treatment of LPS-stimulated BMDM with e-LXA4 significantly reverted
LPS effects on Kv and Kir currents. These effects were partially mediated
via the lipoxin receptor (ALX), since were partially reverted in the presence
of a selective ALX receptor antagonist. In the present work, we provide evi-
dence for a new mechanism by which e-LXA4 contributes to inflammation
resolution consisting in the reversion of LPS effects on Kv and Kir currents
in macrophages. In fact, the lack of effects on Kv and Kir currents recorded
in HEK293 cells demonstrated that an intracellular signaling network is
required to produce the effect observed in BMDM on the LPS-dependent
activation with e-LXA4. Granted by SAF2010-14916 and FIS-RIC RD12/
0042/0019.
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Kv4.3 generates the transient outward current that plays an essential role
in shaping the early phase of the cardiac action potential. These channelsare regulated by a family of calcium-binding proteins called KChIPs. Four
members of this family have been cloned. KChIP3 and KChIP2c bind to
Kv4.3 in the endoplasmic reticulum and facilitate trafficking to the mem-
brane and regulate the channel gating. CL888 induces alteration or disruption
in the binding between KChIP1 and Kv4.3, modulating the function of the
complex. The aim of our study was to determine the effects of CL888 on
Kv4.3/KChIP3 and Kv4.3/KChIP2 complex, as well as on Kv4.3 alone.
KChIP3, KChiP2 and Kv4.3 channels were expressed in CHO cells. Currents
were recorded using the whole-cell patch-clamp technique. Block of Kv4.3/
KChIP3 channels induced by CL888 was concentration dependent with an
IC50 of 23 nM, whereas Kv4.3 and Kv4.3/KChIP2c was not. At 100 nM, de-
gree of block ranged according to: Kv4.3/KChIP3>Kv4.3/KChIP2c>Kv4.3.
In all 3 channel complexes, CL888 accelerated the inactivation kinetics
of the current by decreasing the slow time constant (ts). Thus, for Kv4.3/
KChIP3 the ts value changed from 20.651.6 ms to 17.051.5 ms (n=5,
P<0.05); for Kv4.3, from 19.751.6 ms to 10.851.5 ms (n=4, P<0.05);
and for Kv4.3/KChIP2, from 38.155.8 ms to 23.954.0 ms (n=5, P<0.05).
CL888 did not affect the voltage dependency of steady-state inactivation of
Kv4.3/KChIP3 channels. However, it accelerated their recovery from inacti-
vation kinetics (tre=62.0512.1 ms vs. 49.859.8 ms, n=6, P<0.05). We
conclude that CL888 binds to Kv4.3 channels and modulates the gating
and the kinetics of these channels. However, Kv4.3/KChIP3 complex results
to be more sensitive than Kv4.3 and Kv4.3/KChIP2c. Therefore, the sensi-
tivity of Kv4.3 channels to CL888-like drugs will vary depending of the asso-
ciated regulatory subunits. Granted by SAF2010-14916 and FIS-RIC RD12/
0042/0019.
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Selective cation transport across membranes is critical for rapid signaling in
neurons and to setup ion gradients required for nutrient import. Kþ channels
are a ubiquitous protein family that is highly selective for Kþ over Naþ during
ion conduction. They also have an inherent equilibrium preference for Kþ ions
over Naþ ions, suggesting that the equilibrium preference of a cation channel is
important for its conduction selectivity. We present data showing Kþ channel
variants that non-selectively conduct Kþ and Naþ ions but who retain their
equilibrium preference for Kþ ions. Based on this result, we propose a model
of Kþ channel selectivity that relies on the architecture of the Kþ channel to
translate the equilibrium preference into Kþ-selective ion conduction (an inher-
ently non-equilibrium process).
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Voltage-gated calcium (CaV) channel b subunit increases the expression of
pore-forming a1 subunit in the plasma membrane and regulates the biophys-
ical properties of channel gating. In particular, the gating of high-voltage acti-
vated (HVA) Ca2þ channels is differentially controlled by CaV b subunits
depending on the isotypes and intracellular location. However, the molecular
mechanism of type specificity and cellular location of b subunit in CaV chan-
nel regulation is not clearly determined. We confirmed the constitutive local-
ization of b2a in the plasma membrane irrelevant of the existence of a1B and
a2d1 is due to palmitoylation of N-terminus, and that CaV2.2 current with b2a
is slowly inactivated compare to the cells with other types of cytosolic b sub-
units. In order to further understand the functional role of palmitoylation in
the formation of channel complex and current regulation, we constructs a
translocatable b2a(C3,4S)-FG a palmitoylation-resistant form of b2a, which
is by tagged the b2a(C3,4S) with a FKBP domain and a green fluorescent pro-
tein (GFP) sequentially on its C-terminus as a chemically-inducible dimeriza-
tion (CID) system. When the mutant b2a(C3,4S)-FG was expressed in tsA201
cells, it was mainly located in the plasma membrane in the presence of a1B,
while it distributes throughout the cytosol without the a1B. Since the palmi-
toylation does not occur in the mutant form, the targeting of b2a(C3,4S)-FG to
the plasma membrane can be only due to the interaction between a1B and b
subunits. We also found that b2a(C3,4S)-FG and b2b-FG are not translocated
to the cytosolic organelles by the application of rapamycin. Thus, the results
demonstrate that the interaction between a1B and b2a subunits is irreversible.
